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METHODS AND MATERIALS FOR THE 
TREATMENT OF PROSTATIC CARCINOMA 

This is a a continuation-in-part of application serial no. 09/099,017, filed June 
17, 1998. 

PA CKGR0T7ND OF THE TNVF.NrTTmy 
Field of the Inventinn 

The invention relates generally to methods for the treatment of neoplastic 
diseases and, more specifically, to an immunotherapeutic agent comprising a prostate- 
associated-antigen in conjunction with a chitosan-based adjuvant and its use in the 
treatment of prostatic carcinoma. 

Related Technnlngy 

Prostatic carcinoma is one of the most common malignancies of men and 
a leading cause of death in this population. Worldwide it is an important public health 
concern as over a quarter of a million new cases were diagnosed in 1985 alone. Within 
the United States, it was predicted that for 1994, 38,000 individuals would succumb 
to prostate cancer, while in the countries of the European Union it was predicted the 
disease would account for more than 35,000 deaths. If detected at an early stage, 
prostate cancer is potentially curable. Its relatively slow growth and androgen 
dependence distinguish it from most other carcinomas. The disease exhibits an 
improved prognosis when detected in an early stage, although a majority of cases are 
diagnosed at later stages, where metastasis of the primary tumor has alr^dy occurred. 
Five year survival rates for patients with prostate cancer range from 88 % for those with 
localized disease to 29% for those with metastatic disease. 

Present treatments for prostatic carcinoma include simply monitoring the 
disease, to radical prostatectomy, radiation therapy, or hormonal therapy. Simple 
monitoring of the disease is advocated as a reasonable approach for some patients widi 
prostate cancer. Although untreated prostate cancer continues to grow, it may do so 
quite slowly. SpecificaUy, the growth of the cancer may be slow enough that it causes 
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no problems in a particular individuals lifetime, even if lelt untreated. Wliile no one 
can predict exacfly how long it will take for a specific cancer to spread or how long a 
particular individual's lifespan would be, unless an individual is expected to live at 
least 10 year., simply monitoring with no immediate treatment may be appropriate 
when the cancer is sraafland of low grade. If the prostatic cancer is of a higher grade 
and thus more aggressive then the cancer may be a significant threat to life or health 
within 10 years and therefore a more aggressive approach to management would be 
warranted. 

Surgeiy perfomed for treatment of localized prostate cancer is referred 
to as a radical prostatectomy. ITirough an incision in the lower abdomen or below the 
scrotum, the entire prostate and seminal vesicles are removed. When the carcinoma 
is confined within the tissues removed during sut^ery, a radical prostatectomy 
completely alleviates localized prostate cancer. Such suigeiy is of little therapeutic 
value once the cancer has metastasized to the ai«,s sum,unding the prostate as well as 
distant areas of the body. Rirther, such surgery may leave the individual pennanenUy 
impotent. 

As an alternative to surgery, radiation therapy may be indicated. 
Specifically, radiation is recommended for men in whom the disease has spread outside 
of the prostate capsule (and thus making surgery more difficult) but is still localized 
within the tissues surrounding the prostate capsule. Side effects such as hair loss and 
lethargy after irradiation have been weU documented. 

Another fonn of treamiem for prostatic carcinoma involves hoimone 
therapy. Specifically and as prostate cancer has been shown to be under the trophic 
influence of androgen honnones. androgen deprivation may often produce a regression 
of the disease and improvement of symptoms. The goal of androgen deprivation is to 
achieve castration levels of testosterone and dihydrotestosterone. TOs goal is usually 
attained by one of four methods: (1) surgical castraUon (orchiectomy); (2) 
administration of exogenous estrogens such as diethylstilbestrol (DBS); (3) use of 
analogs of luteinizing honnone-releasing honnone (LHRH) that inhibit the release of 
pituitao. gonadotropins; or (4) the use of anti-androgens, such as flutamide, that block 
the action of androgens at target tissues. Honnonal therapy is usually used when there 



wo 01/12218 



PCT/USOO/06493 



.s evidence that the cancer has spread beyond the prostate. It is important to note that 
honnonal therapy is not considered curative. SpecificaUy, the cancer eventually 
becomes resistant to hormone depnVation and continues to grew. Further, it has been 
noted in most patients receiving anti-androgen therapy, such therapy wiU result in the 
disease becoming honnone independent. 

In view of the limitations of the cument therapeutic approaches to the 
treatment of prostatic carcinoma, there remains a need for a more suitable treatment 
that could be used to alleviate prostate cancer (either localized or metastasized) that is 
neither invasive nor produces the unwanted side effects of the cunently available 
treatments. 



STJMMAPV OF THE TNVE1vr Tr>]vf 
The present invention is directed to compositions compdsing one or 
more prostate-associated antigens and a chitosan.metal chelate adjuvant n,e 
compositions may be used in methods for producing antibodies against prostate- 
associated antigens and/or may be used as agents immunotherapeutic agent. In another 
aspect, the invention is directed to methods for pnxlucing compositions comprising one 
or more prostate-associated antigens and a chitosan-metal chelate adjuvant as well 
methods for inhibiting the growth or alleviating prostate cancer or metastatic careinoma 
of prostatic origin. The invention is also dir^ted to immunotherapeutic agents 
compnsing one or more prostate-associated antigens in combination with a chitosan- 
metal chelate adjuvant. 

As yet another aspect, the present invention is directed to antibody 
substances (that specifically binds a prostate-associated antigen) produced by the 
process of admimstering the one or moi^ specific prostate-associated antigens in 
combination with the chitosan-metal chelate adjuvant. TTte invention is further directed 
to methods for the production of such antibody substances. 

The present invention is also directed to compositions comprising one 
or more prostate-associated antigens and a chitosan/sodium hydroxide/oil/suriactant 
adjuvant. The compositions may be used in methods for producing antibodies against 
prostate-associated antigens and/or may be used as immunotherapeutic agents In 
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another aspect, the invention is directed to methods for producing con,positions 
comprising one or more prostate-associated antigens and a chitosan/sodium 
hydn,xide/oil/surfactant adjuvant as weU methods for inhibiting the growth or 
alleviatingprostatecancerormetastaticcarrinomaofprostaticinorigin. TT,e invention 
IS also directed to immunotheiapeutic agents comprising one or mor^ prosute- 
associated antigens and a chitosan/sodium hydroxide/oil/surfactant adjuvant. 

As yet another aspect, the present invention provides antibody substances 
(that specifically binds a prostate-associated antigen) produced by the process of 
admmistering the specific prostate-associated antigen in combmation with the 
chuosan/sodium hydroxide/oil/surfactant based adjuvant. The invention is ftirther 
directed to methods for the production of such antibody substances. 

In another of its aspects, the present invention is ftirther directed to a 
composition comprising one or more prostate-associated antigens and a phosphate 
buffer/chitosan-based adjuvant. Th. composition may be used in methods for 
producmg antibodies against prostate-associated-antigens and/or may be used as 
immunothempeutic agents. In another aspect, the invention is directed to methods for 
producing compositions comprismg one or moi. pn^state-associated antigens in 
combination with a phosphate buffer/chitosan-based adjuvant as weU methods for 
inhibiting the growth or alleviating prostate cancer or metastatic carcinoma of piostaUc 
- ongm. me invendon is also directed to an immunothempeutic agem comprising one 
or more prostate-associated antigens and a phosphate buffer/chitosan-based adjuvant. 

As yet another aspect, the presem invention is diluted to antibody 
substances (that specifically binds a piostate-associated antigen) produced by the 
process of admmistering the one or more prostate-associated antigens in combination 
with the phosphate buffer/chitosan-based adjuvant. TTie invention is ftirther dim^ted 
to methods for the production of such antibody substances. 

The invention is also directed to compositions comprising one or more 
prostate-associated anUgens, a chitosan-based adjuvant, and at least one 
pharmacological agent having anti-andiogenic activity, methods for producing such 
compositions, as weU as methods for inhibiting the growth or alleviating prostate 
cancer or metastatic carcinoma of pnjstatic in origin via the administiation of such 



wo 01/12218 



PCT/i;SOO/06493 



-5 - 



compounds. A. yet another aspect, the invention is di^cted to methods for inhibiting 
the growth or alleviating prostate cancer or metastatic carcinoma of prostatic in origin 
via the concomitant administration of one or more prostate-associated antigens in 
conjunction with a chitosan-based adjuvant, and at least one pharmacological agent 
having anti-androgenic activity. 

Other objectives and advantages of the invention may be apparent to 
those skilled in the art from a review of the following detailed description, including 
any drawings, as well as the approved claims. 

BRIEF nRSrRTPTTnK of t uf. nit Awm^^ f^ 
Figure 1 illustrates the antibody titers obtained from rats immunized with 
recombinant PSA/chitosan-zinc chelate as weU as the titer of the antisera obtained with 
native PSA. 

Figures 2 and 3 demonstrate the effect of rat anti-recombinant PSA 
antibodies on prostatic carcinoma cell lines LnCap and Dul45, respectively, to 
incoiporate 'H-thymidine. 

Figure 4 sets forth the titers in the serom of monkeys to the recombinant 
PSA/chitosan-zinc chelate as weU as native PSA subsequent to immunization 

Figure 5 sets forth the prostate organ weight of the monkeys immunized 
with either recombinant PSA/chitosan-zinc chelate or naUve PSA/chitosan-oil emulsion 

Figure 6 shows the effect of monkey antisera. from animals immunized 
with either recombinant PSA/chitosan-zinc chelate or native PSA. on the growth of 
LnCap prostatic carcinoma cells in the presence and absence of guinea pig 
complement. 

Figure 7 illustrates the effect of monkey antisera. from animals 
immunized with either recombinant PSA/chitosan-zinc chelate or native PSA. on the 
growth of Dul45 prostatic carcinoma cells in the presence and absence of guinea pig 
complement. 

Figure 8 demonstrates the growth of the tumors in animals receiving 
adjuvant only versus animals receiving either partially purified anti-recombinant PSA 
antibodies or partiaUy purified anti-native PSA antibodies in terms of tumor diameter 



wo 01/12218 



PCT/USOO/06493 



-6. 

over time. 



Figure 9 UJustrates the vector map for expression vector pZ068, which 
was used in Example 1 for the expression of prostate-specific antigen. 

PETAn.K O PESCRTPTION OF TFTF TWiny TT^j^ 
The prostate is a gland of the male reproductive system. It is a wahiut- 
sized organ, made up largely of muscular and glandular tissues, located between the 
bladder and the urethra. Its main fiinction is to produce fluid for semen. Specifically, 
the prostate secretes a thin, milky, alkaline fluid containing citric acid, calcium, acid 
phosphate, a clotting factor, and a profibrinolysin. During emission, the capsule of the 
prostate gland contracts simultaneously with the contractions of the vas deferens so that 
the thin, milky fluid of the prostate gland adds to the bulk of the semen. 

Over 95% of the prostatic carcinomas are adenocarcinomas that arise in 
the prostatic acini. Adenocarcinoma may begin anywhere in the prostate but has a 
predilection for the periphery. The tumors are frequently multifocal. Variability in 
ceUularsize, nuclear and nucleolar shape, glandular differentiation, and the content of 
acid phosphatase and mucin may occur within a single specimen, but the most poorly 
differentiated area of tumor (L e. , its area with the highest histologic grade) appears to 
detennine its biologic behavior. The remaining prostatic cancers are divided among' 
squamous cell and transitional cell carcinomas that arise in the prostatic ducts, 
carcinoma of the prostatic utricle, carcinosarcomas that arise in the mesenchymal 
elements of the gland, and occasional metastatic tumors (usually carcinoma of the lung, 
melanoma, or lymphoma). 

Although given the enonnous antigenic diversity of the many forms of 
cancer, the identification of all tumor antigens that possess protecUve potential is a 
formidable task, a number of human clinical trials are currenUy underway to assess the 
efficacy of treating human tumors by immunotherapeutic means. 

This type of therapy (cancer immunotherapy) is based upon the recent 
and expanding identification of specific therapeutic taigets: tumor antigens with 
various degrees of association with their normal counterparts. These targets can be 
grouped into four general categories: (1) the "cancer/testis" antigens, such as the 
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MAGE gene faniily, whose expression is tunior specific except for spennatogonia and 
whose genes have been mapped to the X chromosome [van der Bnjggen et al . Science 
254:1643 (1991); Gaugler er «Z. , J. Bcp. Med., 179:921 (1994)]; (2) vii^y derived 
antigens, including hen,esvirus [Ressing et al., J. inununoL. 154:5934 (1995)] and 
Epstein-Bair vims [Chen « ./., Hun.. lm,„unol., 18:75 (1987)]; (3) diffe^tiation 
anugens. including prostate specific antigen [Muq^hy etal. Anticancer Kes. , 15:1473 

(1995) ] and prostate specific membrane antigen [Murphy et al. Prostate, 28:266 

(1996) ]; and (4) antigens existing in a modified or mutated form in tumor as compared 
to normal ceUs [Robbins etal. J. Exp. Med., 183:1185 (1996)]. 

Whereas vaccination aims to prevent tumor forination. the goal of 
immunotherapy is to augment a patient's immune responses to an established tumor 
Because specific tumor antigens have not yet been identified or isolated frt,m most 
human cancers, most forms of immune intervention attempt to enhance a paUenfs 
overall level of immunity with nonspecific immunopotentiators. However several 
recent advances in basic biology have revived interest in active 'specific 
immunotherapy. It has become possible to identify, isolate, and characterize tumor 
anugens that are recognized by T cells in the context of MHC (major histocompability 
complex) class I or class n detenninants. Such T cell-defined tumor antigens are likely 
to be better candidates for use in immunotherapeutic methods than epitopes identified 
with tumor-specific antibodies, given the greater over-aU importance of cells over 
antibodies in antitumor immunity. Some of the T cell-defined andgens are expressed 
m different mmors of related tissue and cellular origins; this eliminates the need for 
autologous tumor tissue for immunotherapeutic developmem. 

Types of cancer immunotherapy include (1) whole cell vaccines (2) 
vital oncolysates. (3) partially purified tumor antigen vaccines, and (4) highly purified 
or synthetic tumor antigen vaccines. Whole tumor ceUs display not one but all of the 
potential antigens expressed by the cancer cells, as such they can function as antigen 
presenting ceUs. In addition they can be engineered to express tumor antigens or to 
produce cytotoxic cytokines. Viral oncolysates, used as cancer vaccines, axe virus 
augmented tumor cell lysates. Tumor ceUs axe infected with an appn,priate virus 
utihzmg modem cell culture techniques. Partially purified tumor antigen vaccines axe 
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pitpa^ from n^aterial shed into a culture medium ftom multiple cell, which expi^s 
t.mor antigens. In excluding much of the cellular material the vaccine is said to be 
partially purified. While the foregoing apptt«ches to cancer immunotherapy have been 
evaluated for a number of different cancer types, none have resulted in success in 
clinical trials. 

With respect to the use of highly purified or synthetic tumor antigen 
vaccines, there is an inherent tolerance to cancer antigens in patients that must be 
oven:ome in o«Jer to ensure effectiveness. In order to oven:ome immune tolerance 
vaccine design should be directed toward enhancing the host's immune response tci 
purified or synthetic antigens. The present invention addresses this problem by 
providing a novel antigen-adjuvant composition (i.e., an immunotherapeutic agent) 
comprosmg a prostate-associated antigen in conjuncUon with an adjuvant system, which 
results in the inhibition of growth and incidence of prostate carcinoma. 

Tie tissue specificity of prostate-related antigens such as PSA PSMA 
HK2, PCTA-1. Vn-l, PSCA, PAP. FraN/MMACl, and the LH receptor mike them 
potential target antigens for active specific immunotherBpy. Prx^state-specific antigen 
(PSA) rs a 240 amino acid glycoprotein produced by normal prostate tissue. It is a 
serine protease and belongs to the glandular kallikrien gene family [Lundwall « al 
Btochem. Biophys Res. Conun., 161:1151-1159 (1988)]. PSA's absolute tissue 
specificity makes it a valuable as a tumor marker for. prt>state cancer. Previously 
prostatic acid phosphatase (PAP) was used to aid in the diagnosis of pitjstate cancer al 
well as to monitor the efficacy of therapy for piostate cancer. PAP has now been 
nplaced by PSA for use in the diagnosis of prostate cancer because of PSA's greater 
sensitivity. PSA is uselnl for monitoring thempy. particularly surgical prostectomey 
because complete removal of the prostate gland should result in undetectable levels ot 
PSA. Measurable PSA after radical prostectomy indicates residual prostate tissue or 
metastasis and increasing PSA concentrations indicate recuirent disease. 

A primary concen, involving the development of an immunotherapeutic 
agent for the treamient of prostate can^ is whether an active immune response can be 
generated to a self-polypeptide such as PSA. Contrx^Ued immunization for the purpose 
of stimulating antibody production by B cells is dependent upon a myriad of factors 
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inherent to both the antigen itself and the immunized individual. In general, the farther 
removed in evolutionary terms the antigen, or its source, is fr«m the invaded host the 
more effective the immune response elicited by the antigen. Antigens derived from 
closely related species are less competent in eliciting antibody production due to the 
fact that the host immune system is unable to clearly distinguish the foreign antigen 
from endogenous, or self antigens. In addition, the dosage of the antigen, thepudty 
of the antigen, and the frequency with which the antigen is administered are also 
factor, which significantly contribute to the resulting antibody titer and specificity of 
the resulting antibodies. Still other factors include the for™, or complexity of the 
antigen, and how the antigen is administered. FinaUy. both the genetic makeup and 
overaU physiological state of the immunized animal contribute to the extent to which 
an immune response is mounted. Of these factors, the fonn or complexity of the 
antigen is directly affected by immunization with an adjuvant. 

Ideally, an adjuvant should potentiate long-lasting expression of 
functionally active anUbodies, eUcit cell-mediated immumty (CMI), and enhance 
production of memory T- and B-lymphocytes with highly specific immunoreactivity 
against an invading antigen. More important is the ability of an adjuvant to augment 
the mimune response with a mimmum of toxic side effects. ITierefore, efficacy of an 
adjuvant is described in tenns of how it balances positive (potentiated immunity) and 
negative (toxicity) effects. 

Current undentanding suggests that adjuvants act to augment the 
immune response by a variety of different mechanisms. In one mechanism the 
adjuvant directly stimulates one of either CD4^ helper T-cell subpopulations designated 
T„l or T„2 [Mosmami and Coffman, Arm.Rev.Immwwl 7:145-173 (1989)] Helper 
T cells are required for B-ceU antibody responses to most antigens. Alum an 
aluminum salt adjuvant approved for clinical use in humans, has been reported to 
selectively activate T„2 cells in mice [Grun and Maurer, CeU.Immmol. 727:134-145 
(1989)], while Freund's complete adjuvant (FCA), an emulsion of mineral oil with 
killed mycobacteria [Freund. « Proc.Soc.Exp.Biol.Med. 37:509 (1937)] 
preferentiaUy activates murine T„l cells [Gnm and Maurer, CelLlmmunol. W.m. 
145 (1989)]. The nature of the cytokine production in activated T-cells may also be 



wo 01/12218 



PCT/USOO/06493 



- 10- 

influenced in part by the choice of adjuvant. 

Another mechanism by which the immune response is augmented 
involves the direct stimulation of B cells by certain antigens, for example 
lipopolysaccharide (U>S) from Gram-negative bacteria. [Geiy. et al. J.rmmunol'. 
iO«:I088 (1972)]. LPS has also been shown to stimulate secretion of interfeion-y 
ONF-Y) [Tomai and Johnson. J.BioLResp.Med. &625-643 (1989)], which both inhibits 
proliferation of T„2 cells and stimulates differentiation of T„l ceUs [Gajewski « al 
J.Immunol. 143:15-22 (1989); Gajewski. etai. J.Immunol. 745:1750-1758 (1991)]' 
The mechanism by which LPS potentiates the immune response is therefore though 
direct stimulation of B cells, and indirect regulation of both T„l and ceU 
populations. 

Still other modes of immunopotentiation have been reported for other 

adjuvants. Oil emulsions (/.e., Freund's comnW mo*. ^ 

^ ««j«T*ujv IX ^--rtj, r-reuna s 

incomplete adjuvant [HA]) and liposomes act thn,ugh depot formation as does alum 
thus allowing for slow release of antigen. Slow release of antigen permits extended 
exposure of the antigen to the immune system and also allows for initial immunization 
with a dosage of antigen that, if delivered at one time, would oriinarily be 
counterproductive to antibody formation. It has been previously reported that while 
a large initial dose of antigen results in the production of a higher immediate titer of 
antibody, the increase in antibody titer and increase in antibody specificity as a function 
of time is not as great as observed with lower and more frequent doses of antigen 
[Siskind, G.. Phann.Rev. 25:319-324 (1973)]. Therefore, adjuvants which control 
presentadon of an antigen to the immune system modulate andgen dosage in addition 
to altering the form, or complexity, of the antigen. 

To date, only one adjuvant, alum [A1K(S0,),H,0]. has proven 
sufficiently non-toxic to permit its use in humans. Ahim not only acts through T„2 ceU 
activation, depot formation and slow release of antigen following immunLtion 
[Edelman, R^.Infea.Dis. 2:370-383 (1980); Warren, etd.. Am.Kev.lmmuml. 4:369- 
388 (1986)], but also through granuloma fonnation by attracting immunocompetent 
cells [White, et al. J.Exp.Med. iQ2:73-82 (1955)] and activation of complement 
[Kamanathan, et al. Immunol i7:881-888 (1979)]. However, alum is not without its 
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negative side effects which include erythema, subcutaneous nodules, contact 
hypersensitivity, and granulomatous inflammation. 

Other adjuvants, which are widely employed outside of human 
application, are also the focus of continuing research to develop acceptable alternatives 
for use in humans. Included in this group are bacterial products (/.e., LPS, cholera 
toxin, mycobacterial components and whole kiUed Corynebactenum parvum, 
Corynebacterium granulosum, znd Bordetella pertussis, liposomes, immunostimulating 
complexes aSCOMs), and naturally occurring and derivatized polysaccharides from 
other than bacterial sources. 

The immunopotentiating capacity of polysaccharides has been a focus 
of investigation over the past few years as these compounds are widespread in nature, 
e.g.,as structural components in the ceD walls of bacteria, and exoskeletons of insects 
and Crustacea. Lipopoiysaccharide (LPS) isolated from certain Gram-negative bacteria 
is one such polysaccharide even though the adjuvant properties of LPS are derived 
mainly from the Upid A region of the molecule, and not from the o-specific 
polysaccharide or core oUgosaccharide regions of the molecule. LPS, which augments 
both humoral [Johnson, etal, J.Exp.Med. 103:225-246 (1956)] and ceU-mediated 
immunity [Ohta, etal, Immimobiology 53:S27 (1984)], possesses numerous biological 
activities, but is impracdcal for use in humans due to its inherent toxicity [See Gupta, 
et ai. Vaccine i;:291-306 (1993)]. Attention has therefore shifted to other 
polysaccharides including, among others, chitosan. 

Chitosan [P-(l-4)-2-amino-2-deoxy-D-glucan] is a derivative of chitin 
and has been widely used in biomedical applications, due in part to is biodegradability 
by lysozyme and low toxicity in humans. These same properties have resulted in 
increased interest in chitosan as an immunopotentiating agent. For example, 
Matuhashi, etaL, in U.S. Patent No. 4,372,883, disclosed conjugation of soluble 
polysaccharides, including chitosan, to normally toxic antigens, conjugation thereby 
detoxifying the antigen and permitting its use as an imraunogen. Matuhashi et al, 
however, did not address the use of insoluble polysaccharide forms of chitosan, nor did 
Matuhashi compare the resulting serum antibody titer with that obtained from 
immunization with other known adjuvants. 
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Likewise, Suzuki, er a/., in U.S. Patent 4,971,956, disclosed the use of 
water soluble chitosan-oligomers as therapeutics for treatment of bacterial and fiingal 
infections, as well as for the treatment of tumors. Suzuki, et al discussed the 
difficulty in modifying chitosan to produce an appropriate water soluble fonn, 
disclosing that water-insoluble forms are impractical for therapeutic application. In 
addition, Suzuki etal, does not disclose conjugation of an antigen to chitosan to effect 
enhanced immune response, 

Mitsuhashi, etal, in U.S. Patent 4,814,169, disclosed the use of human 
protein conjugated to soluble polysaccharides to generate antibodies against human 
protein in non-human animals. Although Mitsuhashi et al, included chitosan in an 
exemplary list of polysaccharides, the patent merely predicted that chitosan may be 
useful for antibody production, and did not provide details regarding the nature of the 
expected mimune response. Further, the *I69 patent set forth non-ionic 
polysaccharides as the preferred saccharides, while chitosan is highly cationic. 

Nishimura etal [Vaccine 2:93-99 (1984)] reported the immunological 
properties of derivatives of chitin in terms of activation of peritoneal macrophages in 
^dvo, suppression of tumor growth in mice, and protection against bacterial infection. 
Results obtained from their single-injection system showed that both chitin and chitosan 
were ineffective stimulators of host resistance against challenge with tumor cells or 
bacteria. 

Marcinkiewicz, etal, [Arch.ImmunolThenExp, iP:127-132 (1991)] 
examined the immunoadjuvant activity of water-insoluble chitosan and reported 
significant enhancement of T-dependent humoral response, but only moderate 
augmentation of T-independent humoral response. The enhanced humoral response 
was detected witii chitosan at doses of 100 mg/kg administered eitiier intravenously or 
intraperitoneally. Subcutaneous and oral administration were specifically reported as 
being ineffective. In addition, Marcinkiewicz, et al , does not suggest conjugation of 
an antigen to insoluble chitosan, stating that chitosan "resulted in the same response 
irrespective of tiie site of administration - eitiier together or separately from antigen." 

In view of the foregoing discussion and by way of illustration of the 
invention, the examples describe an immunotherapeutic agent for the treatment of 
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prostatic carcinoma comprising a prostate-associated antigen and a chitosan-based 
adjuvant system, and in a preferred embodiment, PSA and a chitosan-zinc chelate- 
based adjuvant, PSA and a chitosan/sodium hydroxide/squalene/poloxamer 401, or 
PSA and a phosphate buffer/chitosan-based adjuvant. The Examples set out below 
demonstrate that this immunotherapeutic agent was successful in i^ucing and 
alleviating prostate and prostatic related tumors in subject animals. The iUustrative 
Examples also describe methods for reducing and/or aUeviating prostatic caix;inoma and 
prostatic-related carcinoma (metatastic in origin) via the administration of any of the 
foregoing immunotherapeutic agents 

The invention is illustrated by the following examples, which are not 
intended to limit the scope of the invention as recited in the claims. 

Example 1 provides methods for the cloning and expression of human 

PSA. 

Example 2 provides methods for the purification of the recombinant 
foim of human PSA. 

Example 3 describes the preparation of a chitosan-chelated metal based 
immunotherapeutic agent involving the use of prostate-related antigens (e.^., PSA 
PSMA). 

Example 4 describes the preparation of a chitosan-iron chelated based 
immunotherapeutic agent involving the use of prostate-related antigens {e.g., PSA, 
PSMA), 

Example 5 describes the preparation of an immunotherapeutic agent 
wherein the prostate-related antigen {e.g. , PSA, PSMA) is incoiporated and lyophilized 
in phosphate buffer and reconstituted in a chitosan solution. 

Example 6 describes the preparation of an immunotherapeutic agent 
wherein the prostate-associated antigen {e.g., PSA, PSMA) is incoiporated into a 
chitosan-oil emulsion. 

Example 7 describes the characterization of the immune response in rats 
to administration of either native human PSA/chitosan-zinc chelate or recombinant 
PSA/chitosan-zinc chelate. 

Example 8 demonstrates the specificity of the antibodies to PSA found 
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in the sera of the rats of Example 7 via Western blot analysis. 

Example 9 describes the ability of antibodies to PSA found in the sera 
of the rats of Example 7 to bind to human prostatic carcinoma cells. 

Example 10 describes the effect of rat anti-PSA antisera on the 
proliferation of human prostate cells {in vitro). 

Example 11 describes the characterization of the immune response in 
rats to administration of either native human PSA or recombinant PSA bound to a 
chitosan-zinc chelate. 

Example 12 describes the effect of monkey anti-PSA antisera on the in 
vitro proliferation of human prostatic carcinoma cells. 

Example 13 describes the effect of partially purified monkey anti- 
recombinant PSA or anti-native PSA antibodies on the in vivo growth of human 
prostatic carcinoma ceils (passive immunization). 

Example 14 describes the effect of early administration of purified 
monkey anti-iecombinant PSA or anti-native PSA antibodies on Dul45 tumor incidence 
in athymic mice. 

Example 15 describes administration of an immunotherapeutic agent of 
the present invention to humans to inhibit growth or aUeviate prostate cancer or 
metastatic carcinoma of prostatic origin. 

Example 16 describes the administration of a composition comprising 
an immunotherapeutic agent of the present invention and at least one phannacological 
agent having anti-androgenic activity, or in the alternative concomitant administration 
of immunotherapeutic agent of the present invention and at least one phannacological 
agent having anti-androgenic activity all in order to inhibit growth or alleviate prostate 
cancer or metastatic carcinoma of prostatic origin, treatment of prostate and 



wo 01/12218 



PCT/USOO/06493 



- 15- 



EXAMPT F 1 
CLOIVING AND EXPRESSION OF HUMAN 
PROSTATE SPECmr AKTinv^ (^^^^ 
Polymerase Chain Rpi^rtlftTl 

The human PSA gene (with signal sequence) was cloned from human 
prostate cDNA (Quickclone cDNA Jot#60601 16; Clontech, Palo Alto, CA) using the 
polymerase chain reaction [PGR; MuUis et al. The Polymerase Chain Reaction, 
Birkhauser, Boston (1994)]. ITie sequence of the primers used (see below) was 
determined based on a published sequence for human PSA [Riegman et al , Biochem. 
Biophys. Res. Comm. 159(1):95-102 (1989); GenBank Accession No. M24543] and 
subsequently modified as described below. 

Both polymerase chain reaction primers were synthesized using an 
AppUed Biosystems Model 391 DNA Synthesizer (Applied Biosystems, Foster City, 
CA) and standard protocols for soUd phase DNA synthesis. Specifically, The 5' primer 
contained 21 bases of 5' untranslated region with the addition of Smal and EcoRI 
restriction enzyme sites for subcloning into sequencing and/or expression vectors [all 
restrictions enzymes were obtained from New England Biolabs, Beverly, MA]. The 
3' primer consisted of a 34 base pair oligonucleotide containing 20 bases of 3' 
untranslated region 50 bases downstream of the stop codon. Similarly. Smal and EcoRI 
restriction enzyme sites were also included in this primer for subcloning purposes. The 
sequence of both PGR primers ar^ as follows: 

5" Prrnier 

5' TAACCCGGGAATTCATTCCGCCGGAGAGCTGTGTC 3' (SEQ ID NO. 1) 

y Primer 

5' TAACCCGGGAATTCCTTGAGTCTTGGCCTGGTCA 3' (SEQ ID NO. 2). 

Conditions for the polymerase chain reaction were as foUows. 2 ^1 of prostate cDNA 
(2 ng; Clontech, Palo Alto, CA) were added to a 0.5 ml microfuge tube containing 10 
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fil 5XPCR reaction buffer (15 mM MgClj, 500 mM KCl, 100 mM Tiis-HCL, pH 8.3, 
.01 % gelatin, 2inM each dNTP), 1 jul 5' primer (20 pmol), 1 /il 3' primer (20 pmol), 
1 /il Taq DNA polymerase (Perkin-Elmer Cetus, Branchburg, NJ), and 35 fil nuclease- 
free dionized water. The polymerase chain reaction was perfonned using a Perkin- 
Elmer Cetus Thermal Cycler (Model PCR Mate, Perkin-Ehner Cetus, Branchburg, 
NJ) with 40 cycles of amplification. Each cycle consisted of a 45 second denaturation 
step at 94°C, a 1 minute annealing step at 58°C, and a 1 minute extension step at 72°C. 
After completion of 40 cycles, a final 5 minute extension at 72°C was perfonned. The 
polymerase chain reaction resulted in the amplification of an approximately 900 base 
pair product, as determined by gel electrophoresis, which is the correct size for DNA 
encoding human PSA. 

Subcloning of Human PSA into pRht escript SK Sequencing Vrrtnr 

The 900 base pair polymerase chain reaaion product described above was 
purified from a 1 % TAE agarose gel (0.04 M Tris-acetate, 0.001 M EDTA, pH=8.0, 
1 % agarose) using a GeneCleafl® kit (BIOlOl, Vista, CA) into 25 /il TE (10 mM Tris, 
1 mM EDTA, pH=8.0). The DNA was subsequently digested with the Smal 
restriction enzyme, extracted with phenol: chloroform (1:1 vol/vol.), and precipitated 
with volume of 7,5 M ammonium acetate and 2 volumes of 95 % ethanol at -70°C, 
for 30 minutes. The DNA was pelleted by centrifiigation at 14,000 ipm in an 
Eppendorf model 5415C microcentrifuge (Eppendorf, Hamburg, Germany), washed 
with 70% etiianol, and air dried. The DNA was resuspended in 10 ftl TE (pH=8.0). 
Smal digested human PSA cDNA (PCR product) was next ligaled into the Smal site 
of pBluescript SK vector (Stratagene, LaJolla, CA). After ligation, the pBluescript 
vector containing the human PSA cDNA insert was transformed into E, coU strain 
T0PP2 (Stratagene, LaJolla, CA) by standard transformation protocols. An E, coU 
clone was isolated containing the above described pBluescriptlhwmzn PSA vector, 
which was subsequentiy used to generate further DNA for subsequent experimentation. 
The human PSA insert was verified by restriction enzyme mapping using known 
internal restriction enzyme sites of the published human PSA sequence and restriction 
enzyme sites of the vector that flank the human PSA cDNA insert (eitiier on 5' or 3' 
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end), as weU as performing agarose gel electrophoresis to verify observed band size 
with expected band size. The identity of the human PSA cDNA insert was also 
verified by partial sequencing usmg the M13-20 and Reverse primer set Stratagene, 
LaJoila, CA). The sequences of the sequencing primers is as follows: 

Reverse primer 
5' GGAAACAGCTATGACCATG' 3 (SEQ ID NO. 3) 
MlS-20 primer 
5' GTAAAACGACGGCCAGT3' (SEQ ID NO. 4) 
The sequence obtained from the human PSA insert (approximately 200 base paii^ at 
each end of the insert) was 100% identical to the known human PSA nucleotide 
sequence. 

i[nsertiQn of Human PSA Sequence i n t o A M ammalian Kypresdnn v^ ^tftr 

For insertion of human PSA encoding cDNA into the mammalian 
expression vector, the following methodology was used. A Spel adaptor was ligated 
into the unique MscI restriction enzyme site within the pBluescripUhuman PSA 
construct, 8 base pairs upstream of the stop codon. The Spel adaptor was made 
palindromic to regenerate the 8 base pairs between the MscI site and stop codon (now 
consisting of a Spel site). The phosphorylated oligonucleotides used to make the Spel 
adaptor were purchased from Genosys (Woodlands, TX). The sequence of the Spel 
adaptor is as follows: 

Spel adaptor 

5' CCAACCCCACTAGTGGGGTTGG 3' (SEQ ID NO. 5) 
3' GGTTGGGGTGATCACCCCAACC 5' (SEQ ID NO. 6). 

The complete human PSA sequence was then removed ftom the pBluescript sequencing 
vector by digesting with Smal and Spel, and subsequentiy ligating the insert into the 
PvuII/Spel restriction enzyme sites of the expression vector pZ068 [which has the 
DHFR gene cassette, see Figure 9 for vector map of expression vector p2068] Lastly, 
a poly-histidine tag (Hisg, tag) foUowed by a stop codon [sequence of His^,, 5' 
CACCACCATCACCACCAT 3' (SEQ ID NO. 7)] were inserted downstream of the 



wo 01/12218 



PCT/USOO/06493 



- 18- 



generated Spel site. The resulting PSA insert consisted of the sequence: human PSA- 
Hisg tag-stop codon. Ite modification resulted in a C-terminal Hisg, tag fusion on the 
expressed protein, which aUows for the purification of the recombinant PSA using 
Immobilized Metal Affinity Chromatography (IMAC) as described below. 

Transfection of CHO ri hfr- CeHs with PSA Kyp rP<;«=?nn v^^^\^ 

The PSA expression vector (5-10 /xg; see directly above) was transfected 
into dihydrofolate reductase deficient (dhfr ) Chinese Hamster Ovaxy Cells (ATCC, 
Manassas, VA) using the following methodology. The pz068 human PSA expression 
vector was linearized with the SaU restriction enzyme followed by phenol xholoroforra 
(1:1) extraction and precipitation with Vi volume 7.5 M ammonium acetate and 2 
volumes of 95 % ethanol at -70°C. for 30 minutes. DNA was pelleted by centrifiigation 
at 14,000 ipm in microcentrifuge for 10 minutes, washed with 70% ethanol, and air 
dried. DNA was resuspended in 10 /xl TE (pH=8.0). A transfection mix was 
prepared by mixing Solution A (10 ftl DNA + 90 ^1 Opti MEM (Gibco BRL, 
Gaithersburg, MD) with Solution B (10 ^1 Lipofectamine (Gibco BRL) + 90 id Opti 
MEM) and incubating the resulting mixture at room temperature for 20 minutes. After 
incubation, the transfection mix was added to a 35 mm tissue culture dish (Costar, 
Cambridge, MA) containing 2 ml Opti MEM and CHO dhfr cells at 60-70% 
confluency. The transfection was allowed to proceed overnight (12-16 hr) at 37°C. and 
5% COj. Immediately following the overnight incubation, the transfection mix was 
removed and replaced with 2 ml complete Earles MEM (Gibco BRL) containing 5% 
dialyzed fetal bovine serum (dFBS) and 2 mM L-glutamine (Gibco BRL). Incubation 
was continued at 3rc. and 5% COj for 72 hours. After 72 hours, the cells were 
removed from the dish by tiypsinization and transferred to a T75 tissue culture flask 
(Costar) containing complete Earles MEM with 5 % dFBS (for selection of transfected 
cells) and 2 mM L-glutamine. The function of the dialyzed serum (which lacks 
purines) is to select for the cells that contain the plasmid DNA (the expression vector) 
due to the presence of a DHFR gene cassette present on the vector which compliments 
the dhfr- genotype of the cells (purine biosynthesis deficiency). The dhfr' gene cassette 
is under control of the constitutive SV40 promoter and codes for dihydrofolate 
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reductase enzyme, which aUows for the recovery of purine biosynthesis in CHO dhff 
cells. In the presence of medium that lacks purines {i.e., dialyzed serum-containing 
medium) only cells transfected with plasmid DNA (expression vector with dhfr 
cassette) will survive. 

After selection (1-2 weeks), secretion of PSA was verified by Western 
blot analysis. Specifically, medium containing PSA was run on a 4-20% 
polyacrylamide gradient gel (Bio-Rad, Hercules, CA) and transferred to nitrocellulose. 
The resulting blot was blocked in phosphate buffered saline (PBS) containing 0.05% 
Tween 20 (PBST) and 5% non-fat dry milk, foDowed by a 1 hour incubation (at rx>om 
temperature) with primary antibody against human PSA (DAKO Corp., Caipinteria, 
GA). The blot was washed for 5 minutes (3 times) in PBST and subsequently 
incubated with mouse anti-rabbit secondary antibody at 1 :5000 dUution (Zymed, San 
Francisco, CA) for 30 minutes. After three 5 minute washes in PBST, the blot was 
incubated in PBST containing streptavidin-HRP conjugate at 1:5000 dUution for 20 
minutes. The blot was washed three times in PBS for 5 minutes and color was 
developed using the chromogenic substrate 3-amino-9-ethyl caitazol and hydrogen 
peroxide. 

The heterogeneous population of cells were then cloned by limiting 
dilution to identify and isolate individual clones that expressed and secreted high levels 
of recombinant human PSA protein. Once identified and isolated, the clones were 
scaled up for protein production as described below, as well as frtjzen for future use. 

FURIFICATTON OF R1?Pn|vr ^TNA>?T PSA 
Individual clones of CHO ceUs secreting recombinant human PSA were 
grown to confluency in 150 ml Minimal Essential Media (MEM) (Gibco-BRL, Grand 
Island, NY) supplemented with 5% dialyzed fetal bovine senim (FBS) Hyclone, Logan, 
UT) and 2 mM L-glutamine in Triple Flasks (Nunc, NaperviUe, IL). Once confluent, 
cells were washed with PBS, and media was replaced with PFX-CHO medium 
(Hyclone). Afiter 72 hours, the medium was removed and centrifiiged for 5 min. at 
1500 x g to remove particulate material, and dialyzed at 4°C against 5 volumes of 50 
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mM NaHjP04, 20 mM Tris, 0.1 M NaCl, pH 8.0, with 3 buffer changes. 

After dialysis, media containing secreted PSA was passed through an 
IMAC column, prepared as follows. First, 5 ml of chelating Sepharose fast flow 
(Pharmacia, Piscataway, NJ) was washed 5 times at room temperature with 50 ml of 
sterile deionized HjO (centriftigmg at 1500 x g for 5 minutes between each wash). 
Next, the resin was resuspended in 50 ml 100 mM CoCIj and mixed for 10 min. at 
room temperature. The resin was again centrifuged for 5 min at 1500 x g and washed 
5 times with 50 ml sterile deionized HjO (centrifuging for 5 min at 1500 x g between 
each wash). After the last wash, the resin was resuspended in 50 ml IMAC binding 
buffer (50 mM NaH2P04 20 mM Tris, 100 mM NaCl, pH=8.0) and loaded into a 15 
ml Econo column (BioRad, Hercules, CA). The resin was allowed to settle into the 
column and an additional 50 ml of binding buffer was passed through the column. 
After equilibration of the column, the dialyzed media containing human PSA was 
passed through the column. The column was washed with 20 bed volumes (100 ml) 
of binding buffer, followed by elution of PSA in 2 bed volumes (10 ml) of PBS 
containing 200 mM imidazole. Imidazole was removed from the eluate by dialysis in 
PBS (pH 8.0) and the protein was concentrated to 0.5-2.0 mg/ml using a Centiprep 
concentrator (Amicon, Beverly, MA). The purified concentrated PSA was stored at 
-70°C. for use in the examples set forth below. In a typical smaU scale run 5-7 mg of 
purified recombinant protein could be obtained from 1 liter of medium. Media used 
for protein production was purchased from Hyclone (PFX-CHO). 

EXAMPLE ^ 

PREPARATION OF CHITOSAN-CHELATED METAL 
BASED IMMlJNOTHERAPEUnC AGENT 
The chitosan-chelated metal based adjuvant was prepared according to 
the following method. While the zinc is exemplified as the chelated-metal, those of 
skill in the art will recognize that other metals, such as zinc or copper may be used in 
the practice of the present invention. Further, while recombinant PSA is exemplified 
below as the prostate-related antigen, those of skill in the art will recognize that other 
prostate-related antigens, such as prostate-specific membrane antigen [PSMA; GenBank 
Accession No. AF007544], human glandular kallikrein-2 [HK2; Schedlich et al , DNA, 
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6:429-437(1987); GenBank Accession No. Ml 8157; see also, U.S. Patent No. 
5,516,639], prostate carcinoma tumor antigen-1 [PCTA-1; Hadari et al, J. Biol. 
Chem., 270:3447-3453 (1995); GenBank Accession No. L78132], prostate carcinoma 
tumor inducer-1 {PTl-\; Shen et al, Proc. Natl. Acad. Sci.. USA, 92:6778-6782 
(1995); GenBank Accession No. L41498], prostate stem cell antigen [PSCA; Reiter et 
al, Proc. Natl Acad. Sci.. USA, 95:1735-1740 (1998); GenBank Accession No. 
AF043498]. PTEN/MMACl [Kong, et al. Nature Genet., 17:143-144 (1997); 
SakaT!idiietal,Jpn. J. Cancer Res. , 88:1025-1028 (1997); GenBank Accession No. 
AB009903 or 272341 8], prostate acid phosphatase [PAP; Sharief et al , Biochem. 
Biophys. Res. Comm., 160:79-86 (1989); GenBank Accession No. M24902], and the 
LH (luteinizing hormone) receptor [Jia et al, Mol Endocrinol, 5:759-768 (1991); 
GenBank Accession No. S57793] may be used in the practice of the present invention 
To prepare cliiiosan/metal complex adjuvants containing either zinc, 
copper or nickel, a 2% chitosan solution was initially prepared by dissolving 2 g 
chitosan (SeaSanMerN-2000, CTC Oiganics, Atlanta, GA) in 100 ml 2% acetic acid, 
and the resulting solution was sterilized by autoclaving. As an alternative, the chitosan 
solution can also be prepared by dissolving 2 g in 100 ml 0.5 M sodium acetate pH 
4.5. Solutions of either zinc acetate, nickel sulfate, or copper sulfate solution 
(although other salts of the metals may be used) were prepared in deionized water at 
a molarity between 0.001 to 0.2 M and filter sterilized. The 2 % chitosan solution was 
diluted 1:1 using deionized water and 4 ml of the resulting 1 % chitosan solution was 
added to 10 ml of the desired metal salt solution (i.e., either the zinc, nickel, or copper 
solutions). The resulting suspension was mixed on an end to end shaker for 2 to 4 
hours at room temperature. The mixture was then sonicated using a Branson Sonifier 
250 for 3 to 5 minutes and the pH of the mixture adjusted to 12.0 - 12.5 with 10 N 
NaOH during sonication. When the zinc salt was employed, a white complex 
precipitate was foniied. When the nickel salt was used, the complex was light green. 
The copper salt resulted in a blue precipitate. After sonication, the mixture was 
centrifuged at 2000 ipm (1000 x g) for 10 minutes and supernatant discarded. The 
pellet was washed twice with PBS, pH 7.2, centrifuged after each wash, the wet weight 
of the peUet detemined, and the metal/chitosan complex peUet resuspended in 8 M 
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urea, pH 7.8 to 8.0. The metal/chitosan complexes were either immediately coupled 
to an antigen, or stored in either 8 M urea or PBS at room temperature. The stored 
metal/chitosan complexes have shown to stable for up to six months when stored by 
this method. 

The PSA (may or may not contain a poly-HIS tag), as produced in 
Example 1, was associated with the metal/chitosan complex by the following method. 
The chitosan-zinc chelate was equilibrated with phosphate buffered saline (PBS, pH 8.0). 
Purified recombinant human PSA expressed in CHO cells (see Example 1) was added to 
the chitosan-zinc chelate suspension and incubated at room temperature for 4 hours. 
Following incubation, the slurry was centrifuged at 1000 rpm the supernatant was 
collected and the amount of unbound protein was calculated using the Bradford protein 
assay (Pierce, Rockford IL). During a typical preparation 1 .67-0.97 of recombinant 
PSA was found to be bound per mg wet weight of the chitosan-metal chelate. The pellet 
of immunotherapeutic agent (PSA-poly-HIS and chitosan-zinc chelate) was then 
resuspended in PBS at a concentration of about 500 \ig PSA per ml. The resulting 
composition was then used in the immunization studies set forth below. The final 
concentration of the metal in the composition was about .7 mM to about 143 mM. 

EXAMPT.F, 4 
PREPARATION OF CHITOSAN-IRON CHELATE 

PASE P TMMTINOTHERAPKTJTTr AGKNT 
For preparation of a chitosan-iron chelate, 4 g of ferric ammonium 
citrate is dissolved in 10 ml distilled water with 100 /il 11.6 N HCl. Four ml of the 
1 % chitosan solution pn^ared as described above (see Example 3) is sonicated and 200 
fx\ of the ferric ammonium citrate solution is added during sonication. The resulting 
solution is centrifuged and the pellet containing chitosan-iron chelate is washed once 
in deionized water and rscentrifiiged. Recombinant prostate-associated antigen (which 
may or may not be modified to include six histidine residues) is coupled with the 
chitosan-iron chelate as above (see Example 3). As with the chitosan-zine chelate 
composition, the resulting chitosan-iron chelate composition agent may then be used 
to immunize individuals for the reduction or alleviation of prostatic carcinoma. 
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PREPARATION OF IMMUNOTHERAmmC AGENT 
JNCORPOKATKO AND T,YOPHn.T7Fn t n prosprat f, ^TT^F 

A 0.5 M phosphate buffer is prepared by diluting 15.6 ml of phosphoric 
acid (16 M; Mallinkiodt Chemical, Paris, KY) in 400 ml of deionized (18 mOhm: DI) 
water. Hie pH of the solution is adjusted to 7.3 with 10 N sodium hydroxide (Sigma 
Chemical Co., St. Louis, MO). The total volume of the solution is adjusted to 500 ml 
by the addition of deionized water. 

A dilute chitosan solution is made by first preparing a 1 % chitosan in 
2% acetic acid solution: 1 gm of chitosan (practical grade; Sigma Chemical Co., St. 
Louis, MO) in 100 ml of 2% glacial acetic acid (Mallinkrodt Chemical, Paris, KY). 
The resulting 1 % chitosan in 2 % acetic acid solution is then diluted further by adding 
7.4 ml of the solution to 2.6 ml of deionized water to obtain a working chitosan 
solution. 

A desired amount of prostate-related antigen, such as PSA, PAP 
PSMA, HK2, PCTA-1, PTE-1, PSCA, PTEN/MMACl, or LH receptor (the antigen 
may or may not contain a poly-HIS tag) is added to a 10 ml vial containing 5 ml of the 
0.5 M phosphate buffer. After adding 0.5 gm of ^^-soriDitol (Sigma Chemical Co., St. 
Louis, MO), the solution is rapidly frozen in liquid nitrogen and lyophilized. 

Lyophilized sample is reconstituted with 5 ml of the working chitosan 
solution, mbced by vortex to form a cloudy solution containing white particles, and 
used for immunization as described below. The pH of the final solution is between 6 
and 7. 



PREPARATION OF AN IMMUNOTHERAPEUTIC AGENT 
JNCORPORATFT> TNTO A ^HTT^s/^^^-o^. jrMinsiJf}^ 

While the following is exemplified by the use of squalene, those of 
ordinary skiU in the art will appreciate that any oU that is readUy metabolized by the 
recipient animal may be used (e,g,, com, canola, peanut). Further, wWle the 
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foUowing is exempUfied by the use of Pluronic® L121 (poloxamer 401), those of 
ordinary skiU in the art wiU again appreciate that other surfactants such as soibitan 
trioleate, polyoxyethylene soibitan monooleate. polyoxyethylene soititan monolaurate, 
and polyoxyethylene-20-trioIeate may be used, as weU as othere. 

A 2% chitosan solution in 0.5 M sodium acetate is prepared by 
dissolving 4.1 g of sodium acetate (Sigma Chemical Co., St. Louis, MO) in 50 ml of 
deionized (18 mOhm: Dl) water with mixing. -Die pH of the solution is adjusted to 4.5 
with approximately 7 ml of glacial acetic acid (Mallinkrodt Chemical, Paris, KY) and 
an additional 1 .5 ml of glacial acetic acid is added to compensate for the effect of the 
addition of chitosan on the pH of the solution. The total volume of the solution is 
adjusted to 100 ml by the addition of deionized water. 2 grams of chitosan (Sigma 
Chemical Co., St. Louis, MO) is slowly added to the sodium acetate solution with 
stL-ring and the mixture is stirred for 2-3 hours until the chitosan dissolves. The 
chitosan solution is then sterilized by autoclaving during a 25 minute cycle. The 
solution is cooled to room temperature in a biosafety cabinet. The chitosan solution 
is then clarified by centrifiigation in an lEC clinical centrifiige (Intemational Equipment 
Co. , Needham Hts. , MA) at setting 7 for 5 minutes. Tht supernatant is decanted from 
the pellet. 87 to 90% (by weight) of the chitosan added is retained in the supernatant. 

A 50% sodium hydroxide solution is prepared by dissolving 50 gm of 
sodium hydroxide (Sigma Chemical Co.. St. Louis. MO) in 100 ml of deionized water, 
with mixing. A squalene/suifactant solution is prepared by combining 1500 mL of 
squalene (2,6,10,15.19,23-Hexamethyl-2,6,10,14,18,22-tetiacosahexane; Sigma 
Chemical Co., St. Louis, MO) with 600 nL of the surfactant Plutonic* L121 (BASF 
Coip., Parsippany, NJ) and is vortexed untfl homogeneous. 

A chitosan/squalene/surfactant/antigen emulsion is prepared by adding 
a desired amount of a prostate-related antigen, such as PSA, PAP, PSMA, HK2 
PCTA-l, PT-1, PSCA, PTEN/MMACl. or LH receptor (with or without a poly-fflS 
tag) to approximately 370 mL of 2% chitosan in 0.5 M sodium acetate and vortexing. 
nie actual amount of antigen used may range from 1 /.g to several milligrams. 10 
of the 50% sodium hydroxide are then added to the antigen/chitosan and the sample is 
vortexed. 10 mL aliquots of the 50% sodium hydroxide are added until a stable cloudy 
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precipitate fonns. App™ely 140 of the p^viously 

squalene/surfactant solution are added to the above solution of antigen/chitosan TT,e 
resulting solution is vortexed until a cloudy emulsion fomed. TTie final concentration 
of chitosan ranges from about 0.1 % to about 10%. while the final concentntion of the 
oil ranges from about 1 % to about 20 % . Further, the final concentration of surfactant 
ranges fit,m about 1% to about 20%. Immediately prior to administration for 
unmunization purposes, the resulting solution of chitosan/squalene/surfactant/antigen 
IS mbced by vortexing or syringe aspiration. 

EXATVTPf.yy 

IMMUNIZATION AND CHARACTERIZATION OF THE 

Spraeue-Dawlev 

- _ ..._„ v^^uui, nousion, ix.), weighing 

approximately 250g. were administered, via intramuscular injection. 25;xg of the 
recombinant human PSA /chitosan-zinc chelate (see Examples 1-3 above; 1.67 of 
recombinant PSA per mg wet weight of chitosan-zinc chelate) per animal A booster 
injection of recombinant PSA/chitosan-zinc chelate (25 ,g/ammal) was administered 
5 weeks subsequent to the initial injection. Animals were bled by retrt,-orbita] puncture 
and their senim was collected foUowing centrifugation. The resulting antiserum was 
used in the experiments described below. 

Enzyme Linked Immunosoitent Assay (EUSA) plates (Micix)test m 
Flexible Assay Plates. Falcon. Oxnard, OA) were coated with either recombinant PSA 
(produced as described above) or native PSA (PSA purified from human semen 
Chemicon Inc., Temecula, OA), 50 ng/50 ^l/weU in a sodium carbonate buffer,' 
pH-9.6. n,e nonspecific sites were blocked with 100 /.l/well of 2% non-fat dry milk 
in a sodium carbonate buffer, pH-9.6. The plates were washed 4 times with Phosphate 
buffered saline containing 0.05% TVeen 20, Sigma Chemical Co., St. Louis, MQ- 
PBST). Tlie antisera. 50 ;.l/weU, was added to the wells in a serially-doubling dUution 
and incubated at 37- C for at least 3 hr. TT,e plates were washed 4 times with PBST and 
rabbit- anti-rat biotin conjugate (1:1000 dilution; Zymed, San Francisco. CA) was 
added and finther incubated for 3 houn at 37°C. TTie plates were washed 4 times with 
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PBST and strqMvidin-hoise radish peroxidase conjugate (1:1000 dilution; Zymed, San 
Francisco, CA) was added and incubated for 1 hour at 37» C . Tie plates were'then 
washed and substrate solution, ortho-phenylenediaraine hydrochloride (8 mg/10 ml in 
citrate phosphate buffer. pH 5.5 plus 100 ,.1 of H,0,) was added. The plates were then 
read in an BUS A reader (at an optical density of 450 nm). Tlie highest dilution at 
which no fiirther decrease in absoiption was observed was estimated as the titer of that 
particular serum. 

The results (shown in Figure 1) indicate that the dilution curve nins 
almost parallel for native as well as recombinant PSA containing C-temiinal His^ 
suggesting that antibodies raised by recombinant PSA bound to a chitosan-zinc chelate 
recognized the native PSA as weU as the recombinant PSA. Rat sera generated by 
immunization of rats with native PSA recognized the recombinant PSA in EUSA and 
the dilution riirvM u/Am oUn nomiiai /^«*.. « -i ^ . 

. y^^^, siiown;. ine punried recombinant PSA 

containing C-terminal His., tag was also recognized in a radioimmunoassay system 
using a PSA IRMA kit (Diagnostic Products CoiporaUon, , Los Angeles. CA; data not 
shown). 



EXAMPT.F.8 

RAT ANTT.PS4 sPRrmrTTv 

In order to characterize the specificity and purity of the antibodies 
obtained from immunized rats, the rat sera (anti-recombinant PSA antisera) was used 
in Western immunoblot analysis, perfoimed according to the method of Towbin et al. . 
Proc. Natl. Acad. Sci. USA 76:4350-4354 (1979). Specifically, purified human PSA 
from whole human seminal plasma and CHO expressed recombinant human PSA were 
nin on 4-20% SDS-PAGE gel and blotted to a nitrocellulose membrane. TTie rat 
antiserum (containing anti-iecombinant PSA antibodies) obtained in Example 7 was 
then used (at a dilution of 1:5000) in the Western analysis to detennine its specificity 
(see Example 1, for actual methods for western analysis). 

Immunoblot results indicate that the rat antisera (containing the anti- 
recombinant PSA antibodies) recognized a band of similar molecular weight to the 
purified recombinant PSA as well as the native PSA isolated from human seminal 
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plasma. 



EXAMPT.F 0 
BINDING OF RAT ANTI-PSA AimBODIES 
TQ HT JMAN PROSTATF CANCFJi nrT t ,s 
In order to assess the binding capabilities of the PSA antibodies 
contained in the rat antisera (see Example 7). the antisera was used in 
immunofluorescence studies to detennine the pattern of localization on human prostate 
tumor ceU hnes, r)ul45 and LnCap, (ATCC HTO81 and ATCC CRL1640; American 
Type Culture CoUection, Manassas, VA). LnCap and DU145 ceUs were grown on 
chamber slides (Nunc) for 48 hr 37^0. in a CO, incubator. The cells were washed 3 
tunes with Cold HBSS (Hank's Balanced Salt Solution) and were subsequently fixed 
by treatment with cold (4°C.) 90% ethanol for 5 mmutes at room temperature. The 
fixed ceUs were then washed (twice) HBSS and immediately incubated with rat anti- 
recombinant PSA or rat anti-native PSA antisera at a dilution of 1:500. The control 
cells were incubated with pre-immune sera at 1 :500 dilution. The fixed cells were then 
incubated for 2 hours at 3r*C. in a humidified chamber. FoUowing incubation with the 
antisera, the cells were washed 4 times with HBSS. Rabbit anti-rat IgG HTC 
conjugate (Zymed, San Francisco, CA) was then added to the cells and further 
incubated for 1 hour at 37°C. Following incubation, the cells were washed with HBSS 
3 times and mounted in Aquamount (Zymed, San Francisco, CA). The slides were 
then observed under fluorescence microscope on the epifluorescence setting. 

Results indicate that LnCap cells showed a veiy intense staining of the 
cell membrane by the anti-PSA antibodies and that staining could also be seen in the 
cytoplasm. With respect to Dul45 cells, the staining appeared to weaker and very 
diffuse as compared to the staining of the LnCap cells, although the actual staining was 
distinct and more intense as compared to the controls. 
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EXAMPT^lf^ 
EFFECT OF RAT ANTI-PSA ANTISERA ON THE 
FROLTFF.K ATTON OF HITMAN TOO STATF CVl J Si J fy 

In order to assess the effect of PSA antibodies contained in the rat 
antisera (see Example 7) on the proliferation of human prostatic carcinoma cells, ceU 
lines LnCap and Dul45, were plated (10^ per ml) in 96-weIl tissue culture plates and 
allowed to grow and attach for 24 hours at 37°C in a CO^ incubator. Rat anti- 
recombinant PSA antisera, at various dilutions (final dilutions: 1:10,1:20,1:40) was 
added to the cells, foUowed by the addition of 5% guinea pig complement (Colorado 
Serum Co., Denver, CO). 

Pre-immune sera served as the control. The cells were allowed to 
incubate with the antibodies (contained in the antisera) for at least 72 hours. Following 
incubation with antibodies, ^^.thymidme (Amersham, Arlington Heights, IL) was 
added and ceUs were further incubated for 24 hours. The ceUs were harvested and the 
incoiporation of ^-thymidine in cells was determined via scintillation counting. 

Figures 2 and 3 show the results obtained and indicate that the antisera 
(containing anti-recombinant PSA antibodies) alone were cytotoxic in a dose-dependent 
manner, as measured by the decreased ability of LnCap cells to incoiporate thymidine. 
This effect was more pronounced when complement was present. However, in the case 
of r)ul45 cells, the ability of the ceUs to uptake thymidine was decreased by about 40% 
at 1:10 dilution when antisera containing antibodies alone was added, whereas in 
presence of complement thymidme uptake was reduced by 95%. At higher dilutions 
(1:20 and 1:40) less cytotoxic effects were observed. 

EXAMPLE 11 
IMMUNIZATION AND CHARACTERIZATION OF 
THE TMMFTNF, KF^SPONSK tn r hestts MnNK FrYi=f 
Two male rhesus monkeys were immunized with recombinant human 
PSA/chitosan-zinc chelate png^ared as described above. Each anmials received 250 fig 
equivalent of recombinant PSA as PSA/chitosan-zinc chelate once every month for fmt 
three months followed by another injection after 6 months, after the titers had started 
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to decline. Two control monkeys received the chitosan-zinc chelate only. Another set 
of monkeys were immunized with native human PSA/chitosan-oD emulsion (adjuvant 
of Example 6) isolated from human semen, each receiving 250 fi^ per animal, once 
a month for three months, followed by final injection at the 6 months. 

Animals were bled eveiy 2 weeks and the serum titere were measured 

via EUSA (as described in Example 7) against recombinant as well as native PSA. 

Total serum testosterone was also determined (using a kit purchased from Diagnostic 

Product Corp., Los Angeles, CA) throughout the study period. The monkeys wei« 

euthanized after the study and prostate, seminal vesicles and testis were obtained, 

weighed, and inspected for any gross abnormalities. 

Figure 4, shows the antibody titers in the serum of the monkeys against 

recombinant PSA as weU as against native PSA. The titers to natural and recombinant 

PSA were similar. demonsfraHno that tht^ 

o ----- — — ' ww...cy^.tu<t. lAuiiuui A wod auiC LU CilCll 

an inunune response not only against the administered antigen (i.e. recombinant PSA) 
but the antibodies also recognized native PSA as weD. The immunotheiapeutic agent 
comprising the recombinant PSA /chitosan-zinc chelate was found to be immunogenic 
in rhesus, even though human and rhesus monkey PSAs are approximately 89% 
homologous at the protein level [Gauthier et ai Biochim Biophys. Acta, 1 174:207-210 
(1993)]. 

No measurable effects were seen with the testosterone levels of the 
monkeys, with respect to the immunization with PSA. There was a slight reduction 
in the weight of prostate (see Figure 5) of the monkeys immunized with the 
recombinant PSA/chitosan-zinc chelate immunotherapy. The autopsy of these animals 
did not reveal any gross abnormalities in the prostate or other reproductive tissue such 
as seminal vesicles, testis or epidydmis. 

EXAMPLE n 

EFFECT OF MONKEY ANTI-PSA ANTISERA ON IN VITRO 
FRQLIFERATTON OF HUMAN pros tate r anpfh ^ ft 

Human prostate cell lines, LnCap and Dul45, were plated (10^ per ml) 
in 96 well tissue culture plates and allowed to attach and grow for 24 hours at 3rc in 
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a CO2 incubator. Monkey antisera (see Example 14), at various dilutions (final 
dilutions: 1:10,1:20,1:40), was added to the cells followed by addition of 5% guinea 
pig complement (Colorado Serum Co., Denver, CO). Pre-imraune sera served as the 
control. The cells were allowed to incubate with the antisera containing the anti- 
5 recombinant PSA antibodies for at least 72 hours. Following the incubation with the 
antisera, ^-thymidine (Amersham, Arlington Heights, IL) was added and the cells 
were further incubated for 24 hours. The cells were harvested and the incorporation 
of ^-thymidine in cells determined by scintillation counting. 

Results (Figure 6) indicate that the monkey antisera alone was effective 

10 in inducing cellular cytotoxicity, as noted by the decreased incorporation of thymidine 
by the LnCap ceEs. The cytotoxic effect was enhanced in the presence of 
complement. Results with respect to Dul45 cells (see Figure 7) indicated that the 
monkey antisera alone was also capable of inducing a cytotoxic effect and also was 
more effective in presence of complement, though the cytotoxic effect was less than 

15 that seen with LnCap cells. 

EXAMPLE 13 

EFFECT OF ANTI-PSA ANTIBODIES ON IN VIVO GROWTH 
OF HTIMAN PROSTATE CANCER CELLS 
20 Dul45 prostatic tumor cells (2.5X10 ^ suspended in 0.1 ml Hanks 

balanced salt solution) were injected subcutaneously in the shoulder at two sites in the 
athymic nude mice (20-25g Harlan, Houston, TX). Following the appearance of 
visible tumors (appeared during Week 2), the mice were injected intraperitoneally with 
0.1 ml of partially purified monkey anti-recombinant PSA or anti-native PSA 
25 antibodies (having a titer of 1 : 10*) twice a week for 8 weeks. 

Partially purified antibodies were prepared by using ammonium sulfate 
precipitation. Specifically, a 10 ml aliquot of each sera was obtained from the 
monkeys (receiving either adjuvant alone, recombinant PSA or native PSA) and treated 
with a saturated solution of ammonium sulfate, pH 7.0. Ammonium sulfate was 
30 added drop wise to the serum sample, with continuous vortexing to allow uniform 
mixing. The mixture was then left overnight at 4°C. After overnight incubation, the 
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sample was centrifiiged at 2,000 x g and the resulting pellet was resuspended in 2 ml 
of PBS. The excess of ammonium sulfate was removed by dialyzing against cold PBS 
with 5 changes of PBS. The protein content was measured by Coomassie Plus Protein 
Assay Reagent (Pierce, Rockford, IL), with the final protein content adjusted to 
Img/ml with PBS. Hie final preparation was then sterile filtered. Control animals 
received adjuvant only, while a third set of animals received a native PSA/chitosan-oil 
emulsion (adjuvant of Example 6). Tumor diameters were measured twice a week 
during the 8 week duration. The animals were euthanized after the study and the 
tumors were excised. Any fluid from the tumors was blotted out and the tumors were 
weighed. A part of the tumor was fixed in Bouin's fixative. 

Figure 8, which sets forth the results of a passive immunization study, 
indicates that the tumors in control animals grew faster as compared to the tumors in 
animals that received partially purified anti-PSA antibodies from monkeys that were 
immunized with recombinant PSA/chitosan-zinc chelate or that were immunized with 
the native PSA. 

The weights of the tumors from the experimental animals was found to 
be much lower than that of the control animals (data not shown). The tumors in the 
experimental group receiving anti recombinant or native PSA antibodies were fluid 
filled as compared to the solid tumor mass in the control group. 

EXAMPLE 14 

EFFECT OF EARLY ANTIBODY INJECTION ON DU145 
TUMOR INCIPENCE IN ATHYMIC MICE 

This experiment was carried out in a manner similar to Example 13, 
except that the partially purified monkey anti-recombinant PSA or anti-native PSA 
antibodies were injected on day 10 following injection of Dul45 cells into athymic 
nude mice. As in Example 13, Dul45 cells were injected in nude mice at two sites 
on the shoulders of the animals. On day 10 following the injection of the cells the mice 
were divided into three groups of five animals each [as in Example 13, tumors 
appeared during Week 2]. The mice were injected intraperitoneally with partially 
purified monkey anti-recombinant PSA or anti-native PSA antibodies twice a week for 
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10 weeks. The control group received antibodies from monkeys that were injected with 
adjuvant only. The tumor incidence was monitored during weeks 8-12. The animals 
were euthanized after the study and the tumors were excised. 

Results indicate that during week 12 a single tumor was observed across 
5 the five animals that received anti-recombinant PSA antibodies, while in the group of 
five animals that received anti-native PSA antibodies two tumors were observed. In the 
control group all five animals developed tumors. These results demonstrate that the 
PSA/chitosan-zinc chelate was able to induce the production of antibodies, which were 
shown, by passive immunization studies, to inhibit the growth and incidence of 

10 prostate-associated tumors. 

To determine the relative immune response against the recombinant 
PSA, plus or minus the chitosan-zmc chelate adjuvant, preliminary studies have been 
conducted in mice. Specifically, 4 to 5 male mice (25g) were immunized 
(approximately 10 /ig of the antigen) with either the recombinant PSA (produced as in 

15 Example 1) alone or with the recombinant PSA/chitosan-zinc chelate of the present 
invention. Animals received a booster injection at day 30 following the initial 
administration. Initial results demonstrated that animals receiving the PSA alone had 
serum titers (against the antigen) of less than 1:250, while animals receiving the 
PSA/chitosan-zinc chelate had titers of greater than 12.8K, which upon administration 

20 of the booster injection reached levels of greater then 5 1 2K. These preliminary results 
indicate that recombinant PSA alone is not immunogenic, while the PSA/chitosan-zinc 
chelate composition is highly immunogenic. 

E XAM PLE IS 

25 TREATMENT OF PROSTATE AND 

PROSTATE-A SSnrTATim TT7MORS TN HUMANS 
In view of the foregoing passive immunization studies wherein 
antibodies to the immunotherapeutic agent, recombinant PSA/chitosan-zinc chelate, 
were shown to inhibit the growth and incidence of prostate-associated tumors, this 
30 example is directed to the treatment of human prostate-associated tumors (actual tumors 
of the prostate as well as metastatic tumors of prostatic origin) via the administration 
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of the immunotherapeutic agents set forth above (i.e. , a prostate-associated antigen in 
conjunction with a chitosan- based adjuvant). Although PSA is exemplified below as 
the prostate-related antigen, those of skill in the ait will readily recognize that other 
prostate-related antigens such as PSMA, HK2, PCTA-1, PTI-1, PSCA, PAP, LH 
5 receptor, and PTEN/MMACl may be used in the practice of the present invention. 
Further, while the chitosan-metal chelate adjuvant is exemplified below, those of skill 
in the art will readily understand that other chitosan-based adjuvants (see Examples 5 
and 6) may be used in the practice of the invention. 

Specifically, an individual diagnosed with prostate carcinoma or 

10 metastatic carcinoma of prostatic origin is administered an immunotherapeutic agent 
containing recombinant PSA (and/or other prostate associated antigens) chitosan-zinc 
chelate(produced as set forth in Example 3), in an amount effective to stimulate the 
individual's own immune system to produce antibodies directed to the prostate 
associated antigens. The administration may take place by any suitable route of 

15 administration, including oral, subcutaneous, and parenteral administration. Examples 
of parenteral administration include intravenous, intraarterial, intramuscular, and 
intraperitoneal. Following the initial administration of the therapeutic agent, serum 
titers against the prostate-associate antigens are monitored over time to determine if 
booster administrations of the therapeutic agent are required. 

20 Regardless of the manner of administration, the specific dose may be 

calculated according to such factors as body weight or body surface. Further 
refinement of the calculations necessary to determine the appropriate dosage for 
treatment of prostatic carcinoma is routinely made by those of ordinary skill in the art 
without undue experimentation. Appropriate dosages may be ascertained through use 

25 of established assays for determining dosages {Le. , correlating senim titers against the 
prostate associated antigen with reduction in tumor burden). Based upon data gathered 
from animals (see above), the amount of antigen (single-dose) for administration to a 
human ranges from about 1 pg to about 1 mg, and more preferably 1 fig to about 800 
/ig, although it may vary. After the initial dosing, it is possible that booster doses of 

30 the immunotherapeutic agents may be required to obtain optimal anti-tumor effects. 

During die course of treatment, effects of the immunotherapeutic agent 
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(t.c. , reduction in tumor size and/or reduction in the number of tumors) on neoplasms 
located in or near the prostate are evaluated by rectal ultrasound or o±er non-invasive 
technique. With respect to metastatic neoplasms of prostatic origins, effects of the 
immunotherapeutic agent are evaluated by use of such techniques as computed- 
5 tomogi^hy scanning or magnetic resonance imaging, Further, determination of serum 
levels of prostate-associated antigens are also appropriate to evaluate the effectiveness 
of the agent. 

T^'YAMPT.K 16 

0 TREATMENT OF PROSTATE AND 

^n^ T^T^-ASSnCTA T Fn TTTMORS IN HTTMANS WTTH CONCOMITAPrr 
^P MT^STR ATTON A CTNTS HAVING ANTT-ANDROrrENTC ACTIVITY 
In view of the foregoing this example is directed to the treatment of 
human prostate-associated tumors (actual tumors of the prostate as well as metastatic 

15 tumors of prostatic origin) via the administration of compositions comprismg the 
immunotherapeutic agents set forth above (i.e., a prostate-associated antigen in 
conjunction with a chitosan- based adjuvant) and at least one pharmacological agent 
having anti-androgen activity. Altiiough PSA is exemplified below as the prostate- 
related antigen, those of skill in the art wiU readily recognize tiiat other prostate-related 

20 antigens such as PSMA, HK2, PCTA-1, PTI-l, PSCA, PAP, LH recq)tor, and 
PTEN/MMACl may be used in the practice of the present invention. Further, while 
the chitosan-metal chelate adjuvant is exemplified below, tiiose of skiU in die art will 
readily understand that other chitosan-based adjuvants (see Examples 5 and 6) may be 
used in the practice of the invention. While flutamide is exemplified below as a 

25 pharmacological agent having anti-androgen activity, tiiose of skill in tiie art will 
readily iBCOgnize that other agents (for example, but not limited to cyproterone acetate, 
finasteride, bicalutamide) havmg anti-androgenic activity may be used to practice the 
invention. 

Specifically, an individual diagnosed with prostate carcinoma or 
30 metastatic carcinoma of prostatic origin is administered a composition comprising (1) 
an immunotherapeutic agent containing recombinant PSA [and/or otiier prostate 
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associated antigens] (2) chitosan-zinc chelate (produced as set forth in Example 3), in 
an amount effective to stimulate the individual's own immune system to produce 
antibodies directed to the prostate associated antigens, and (3) at least one 
pharmacological agent having anti-androgenic activity. The administration may take 
place by any suitable route of administration, including oral, subcutaneous, and 
parenteral administiation. Examples of parenteral administration include intravenous, 
intraarterial, intramuscular, and intraperitoneal. Following the initial administration 
of the tiierapeutic agent, serum titers against tiie prostate-associate antigens are 
monitored over time to determine if booster administrations of the therapeutic agent are 
required. 

Regardless of the manner of administration, the specific dose may be 
calculated according to such factors as body weight or body surface. Further 
refinement of the calculations necessary to detennine the appropriate dosage for 
treatment of prostatic carcinoma is routinely made by tiiose of ordinary skill in tiie art 
without undue experimentation. Appropriate dosages may be ascertained through use 
of established assays for determining dosages (i.e. , correlating senim titers against the 
prostate associated antigen with reduction in tumor burden). Based upon data gathered 
ftom animals (see above), die amount of antigen (single-dose) for administration to a 
human ranges ftom about 1 pg to about 1 mg, and more preferably 1 /xg to about 800 
/ig, although it may vary. After the initial dosing, it is possible tiiat booster doses of 
the immunotherapeutic agents may be required to obtain optimal anti-tumor effects. 

During the course of treatment, effects of the administered composition 
(i.e., reduction in tumor size and/or reduction in die number of mmors) on neoplasms 
located in or near the prostate are evaluated by rectal ultrasound or other non-invasive 
technique. With respect to metastatic neoplasms of prostatic origins, effects of the 
immunotherapeutic agent are evaluated by use of such techniques as computed- 
tomogi^hy scanning or magnetic resonance imaging, Further, determination of seitim 
levels of prostate-associated antigens are also appropriate to evaluate the effectiveness 
of the agent. 

As an alternative to the foregoing method, an individual diagnosed with 
prosUte carcinoma or metastatic carcinoma of prostatic origin is administered an 
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immunotherapeutic agent containing recombinant PSA [and/or other prostate associated 
antigens] and chitosan-zinc chelate (produced as set forth in Example 3), in an amount 
effective to stimulate the individual's own immune system to produce antibodies 
directed to the prostate associated antigens, concomitantly with at least one 
5 pharmacological agent having anti-androgenic activity. 

Although the present invention has been described in terms of preferred 
embodiments, it is intended that the present invention encompass all modifications and 
variations that occur to those skilled in the art upon consideration of the disclosure 
herein, and in particular those embodiments that are within the broadest proper 
10 interpretation of the claims and their requirements. 

All literature cited herein is incoiporated by reference. 



wo 01/12218 



PCT/USOO/06493 



-37- 

What is claimed is: 

1. A composition comprising one or more prostate-associated antigens, 
a chitosan-based adjuvant, and at least one pharmacological agent having anti- 

5 androgenic activity. 

2. The composition according to claim 1, wherein one or more 
prostate-associated antigen is selected from the group consisting of prostate-specific 
antigen (PSA), prostate-specific membrane antigen (PSMA), human glandular 

10 kaIlikrcin-2 (HK2), prostate carcinoma tumor antigen-1 (PCTA-1), prostate carcinoma 
tumor inducer-1 (FH-l), prostate stem ceU antigen (PSCA), PTEN/MMACl, prostate 
acid phosphatase (PAP), and luteinizing hormone receptor. 

3. The composition according to claim 1, wherein the amount of 
15 prostate-associated antigen ranges from about 1 pg to about 1 mg. 

4. The composition according to claim 3, wherein the amount of 
prostate-associated antigen ranges from about 1 fig to about 800 /xg. 

20 5. The composition according to claim 1, wherein the prostate- 

associated antigen comprises a recombinant polypeptide. 

6. The composition according to claim 5, wherein the recombinant 
polypeptide further comprises a poly-histidine amino acid sequence. 

25 

7. The composition according to claim 1, wherein the phaimacological 
agent is selected from the group consisting of cyproterone acetate, flutanude, 
finasteride, and bicalutamide. 



30 



8. The composition according to claim 1 wherein the chitosan-based 
adjuvant is chitosan-metal chelate selected from the group consisting of chitosan-zinc 
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chelates, chitosan-copper chelates, chitosan-iron chelates, and chitosan-nickel chelates. 

9. The composition according to claim 8, wherein the concentration of 
metal ranges from about .7 mM to about 143 mM. 

10. The composition according to claim 1, wherein the chitosan-based 
adjuvant comprises sodium hydroxide, oil, surfactant, and chitosan solution, wherein 
the oil can be metabolically degraded. 

11. The composition according to claim 10, wherein the oil is selected 
from the group consisting of squalene, com, canola, peanut, and olive oil. 

12. The composition according to claim 10, wherein the surfactant is 
selected from the group consisting of poloxamer 401, sorbitan trioleate, 
polyoxyethylene soibitan monooleate, polyoxyethylene sorbitan monolaurate, and 
polyoxyethylene-20-trioleate. 

13. The composition according to claim 10, wherein the pH of the 
chitosan solution is about 5.0. 

14. The composition according to claim 1, wherein the chitosan-based 
adjuvant is prepared by the process of: 

(a) incoiporating one or more prostate-associated antigens into 
a phosphate buffer to form an antigen/phosphate buffer solution; 

(b) lyophilizing the antigen/phosphate buffer solution to a 
lyophilized powder; and 

(c) reconstituting the lypophilized powder in a chitosan solution 
to form an antigen/chitosan mixture. 

15. The composition prepared by the process according to claim 14, 
wherein the pH of the antigen/chitosan mixture is about 6.0 to about 7.0. 
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16. A method of inhibiting the growth or alleviating prostatic carcinoma 
or metastatic carcinoma of prostatic origin, the method comprising the administration 
of the compositions of any of claims 1-15. 

17. A composition prepared by the process of: 

(a) preparing a chitosan solution; 

(b) chelating a metal ion to the chitosan to produce a chitosan- 
metal chelate, wherein the metal ion is selected from the group consisting of zinc, 
copper, nickel, and iron; 

(c) combining one or more prostate-associated antigens with the 
chitosan-metal chelate; and 

(d) combining the composition of step (c) with at least one 
pharmacological agent having anti-androgenic activity. 

18. The composition prepared by the process according to claim 17, 
wherein one or more prostate-associated antigen is selected from the group consisting 
of prostate-specific antigen (PSA), prostate-specific membiane antigen (PSMA), human 
glandular kallikrein-2 (HK2), prostate carcinoma tumor antigen-1 (PCTA-1), prostate 
carcinoma tumor inducer- 1 (PTT-l), prostate stem ceU antigen (PSCA), 
PTEN/MMACl, prostate acid phosphatase (PAP), and luteinizing hormone receptor. 

19. The composition prepared by the process according to claim 17, 
wherein the concentration of metal ion ranges from about .7 mM to about 143 mM. 

20. The composition prepared by the process according to claim 17, 
wherein the amount of prostate-associated antigen ranges from about 1 pg to about 1 
mg. 

21. The composition prepared by the process according to claim 17, 
wherein the amount of prostate-associated antigen ranges from about 1 /ig to about 800 
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22. The composition prepared by the process according to claim 17, 
wherein the chitosan solution is a 1 % chitosan solution. 

23. The composition prepared by the process according to claim 22, 
wherein the 1 % chitosan solution is prepared using a solvent selected from the group 
consisting of acetic acid and sodium acetate. 



24. The composition prepared by the process according to claim 17, 
wherein step b) further comprises sonication of the chitosan-metal chelate. 

10 

25. The composition prepared by the process according to claim 24, 
wherein step b) further comprises centrifiigation of the chitosan-metal chelate to form 
a pellet comprising the chitosan-metal chelate. 

15 26. The composition prepared by the process according to claim 25 

further comprising resuspending the resulting pellet. 

27. The composition prepared by the process according to claim 17, 
wherein the prostate-associated antigen comprises a recombinant polypeptide. 

20 

28. The composition prepared by the process according to claim 27, 
wherein the recombinant polypeptide further comprises a poly-histidine amino acid 
sequence. 



29. The composition prepared by the process according to claim 17, 
wherein the pharmacological agent is selected from the group consisting of cyproterone 
acetate, flutamide, finasteride, and bicalutamide. 



30 



30. 



A method for producing a composition comprising the steps of: 

(a) preparing the chitosan solution; 

(b) chelating a metal ion to the chitosan to produce a chitosan- 
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metal chelate, wherein the metal is selected from the group consisting of zinc, copper, 
nickel, and iron; 

(c) combining one or more prostate-associated antigens with the 
chitosan-metal chelate; and 
5 (d) combining the composition of step (c) with at least one 

pharmacological agent having anii-androgenic activity, 

31. The method of claim 30, wherein one or more prostate-associated 
antigen is selected from the group consisting of prostate-specific antigen (PSA), 
10 prostate-specific membrane antigen (PSMA), human glandular kaIlikrein-2 (HK2), 
prostate carcinoma tumor antigen- 1 (PCTA-1), prostate carcinoma tumor inducer- 1 
(Pn-l), prostate stem cell antigen^ (PSCA), PTEN/MMACl, prostate acid 
phosphatase (PAP), and luteinizing hormone receptor. 

15 32. The method of claim 30, wherein the concentration of metal ion 

ranges from about .7 mM to about 143 mM, 

33. The method according to claim 30, wherein the amount of prostate- 
associated antigen ranges from about 1 pg to about 1 mg. 

20 

34. Hie method according to claim 30, wherein the amount of prostate- 
associated antigen ranges from about 1 ftg to about 800 fig, 

35. The method of claim 30, wherein the chitosan solution is a 1% 
25 chitosan solution. 

36. The method of claim 35, wherein the 1% chitosan solution is 
prepared using a solvent selected from the group consisting of acetic acid and sodium 
acetate. 

30 

37. The method according to claim 30, wherein step b) further 
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comprises sonication of the chitosan-metal chelate. 

38. The method according to claim 30, wherein step b) further 
comprises centrifiigation of the chitosan-metal chelate to form a pellet comprising the 

5 chitosan-metal chelate. 

39. The method according to claim 38 further comprising resuspending 
the resulting pellet. 

10 40. The method according to claim 30, wherein the prostate-associated 

antigen comprises a recombinant polypeptide. 

41. The method according to claim 40, wherein the recombinant 
polypeptide ftirther comprises a poly-histidine amino acid sequence. 

15 

42. The method according to claim 30, wherein the phaimacological 
agent is selected from the group consisting of cyproterone acetate, flutamide. 
finasteride, and bicalutamide. 

20 43. A composition prepared by the process of: 

(a) preparing a chitosan solution; 

(b) preparing a sodium hydroxide solution; 

(c) preparing an oil/surfactant solution, wherein the oil can be 
metabolically degraded; 

25 (d) mixing the chitosan solution with the sodium hydroxide 

solution, the oil/surfactant solution, and one or more prostate-associated antigens to 
form an emulsion; and 

(e) combining the composition of step (d) with at least one 
pharmacological agent having anti-androgenic activity. 

30 

44. The composition prepared by the process according to claim 43, 
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wherein one or more prostate-associated antigen is selected from the group consisting 
of prostate-specific antigen (PSA), prostate-specific membrane antigen (PSMA), human 
glandular kaliikrein-2 {HK2), prostate carcinoma tumor antigen-1 (PCTA-1), prostate 
carcinoma tumor inducer-1 (PTI-l), prostate stem cell antigen (PSCA), 
PTEN/MMACl, prostate acid phosphatase (PAP), and luteinizing hormone receptor. 

45. The composition prepared by the process acconling to claim 43, 
wherein the oil is selected from the group consisting of squalene, com, canola, peanut, 
and olive oil, 

46. The composition pr^ared by the process according to claim 43, 
wherein the surfactant is selected from the group consisting of poloxamer 401, sorbitan 
trioleate, polyoxyethylcne soibitan monooleate, polyoxyethyiene sorbitan monolauiate, 
and polyoxyethylene-20-trioleate. 

47. The composition prepared by the process according to claim 43, 
wherein the pH of the chitosan solution is about 5.0. 

48. The composition prepared by the process according to claim 43, 
wherein the amount of prostate-associated antigen ranges from about 1 pg to about 1 
mg. 

49. The composition prepared by the process according to claim 43, 
wherein the amount of prostate-associated antigen ranges from about I fig to about 800 

50. The composition prepared by the process according to claim 44, 
wherein the prostate-associated antigen comprises a recombinant polypeptide. 

51 . The composition prq)ared by the process according to claim 50, 
wherein the recombinant polypeptide ftirther comprises a poly-histidine amino acid 
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sequence. 



52. The composition prepared by the process according to claim 43 
wherein the phannacological agent is selected fiom the giDup consisting of cypioteix)ne 
acetate, flutamide, finasteride, and bicalutamide. 

53. A method for producing a composition comprising the steps of: 

(a) prqjaring a chitosan solution; 

(b) preparing a sodium hydroxide solution; 

(c) preparing an oil/surfactant solution, wherein the oH can be 
metabolically degraded; 

(d) mixing the chitosan solution with the sodium hydroxide 
solution, the oE/suifactant solution, and one or more prostate-associated antigens to 
form an emulsion; and 

(e) combining the composition of step (d) with at least one 
pharmacological agent having anti-androgenic activity. 

54. n,e method according to claim 53, wherein one or more prostate- 
associated antigen is selected from the group consisting of prostate-specific antigen 
(PSA), prostate-specific membrane antigen (PSMA), human glandular kallikrein-2 
(HK2), prostate carcinoma tumor antigen-1 (PCTA-I), prostate carcinoma tumor 
inducer-1 (Fn-1), prostate stem ceU antigen (PSCA), PTEN/MMACl, prx,state acid 
phosphatase (PAP), and luteinizing honnone receptor. 

55. Tlie method according to claim 53, wherein the oil is selected from 
the group consisting of squalene, com. canola, peanut, and olive oil. 
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56. nie method accoiding to claim 53, wherein the surfactant is 
selected from the group consisting of poloxamer 401, soAitan trioleate 
polyoxyethylene soibitan monooleate, polyoxyethylene soAitan monolaurate, and' 
polyoxyethyIene-20-trioleate. 



57. n,e method according to claim 53, wherein the pH of the chitosan 
solution is about 5.0. 



58. He method according to claim 53, wherein the amount of prostate- 
associated antigen ranges from about 1 pg to about 1 mg. 

59. The method according according to claim 53, wherein the amount 
of prostate-associated andgen ranges from about 1 fig to about 800 ng- 

60. Ths method accoiding according to claim 54, wherein the piostate- 
associated antigen comprises a recombinant polypeptide. 

61. The method according to claim 60, wherein the recombinant 
polypqjtide further comprises a poly-histidine amino acid sequence. 

62. The method according to claim 53, wherem the pharmacological 
agent is selected from the group consisting of cyproten,ne acetate, flutamide, 

finasteride, and bicalutamide. 

63. A composition produced by the process of: 

(a) preparing a chitosan solution; 

(b) incoiporating one or more prostate-associated antigens into 

a phosphate buffer. 

(c) lyophilizing the antigen/phosphate buffer solution to a 

lyophilized powder; 

(d) reconstituting the lyophilized powder in said chitosan 
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solution; and 

(e) combining the composition of step (d) with at least one 
phannacological agent having anti-androgenic activity. 

64. The composition produced by the process of claim 63. wherein one 
or more prostate-associated antigen is selected from the group consisting of prostate- 
specific antigen (PSA), prostate-specific membrane antigen (PSMA), human glandular 
kamkrein-2 (HK2), prostate carcinoma tumor antigen-1 (PCTA-1), prostate carcinoma 
tumor inducer-1 (PTl-l), prostate stem ceU antigen (PSCA), FreN/MMACl, prostate 
acid phosphatase (PAP), and luteinizing hormone receptor. 

65 The composition produced by the process of claim 63, wherein the 
pH of the antigen/chitosan mixture is about 6.0 to about 7.0. 

66. The composition produced by the process of claim 65, wherein the 
amount of prostate-associated antigen ranges from about 1 pg to about 1 mg. 

67. The composition produced by the process of claim 63, wherein the 
amount of prostate-associated antigen ranges from about 1 fig to about 800 /ig. 

68. The composition produced by the process of claim 63, wherein the 
prostate-associated antigen comprises a recombinant polypeptide. 

69. -Die composition produced by the process of claim 63. wherein the 
recombinant polypeptide fiirther comprises a poly-histidine amino acid sequence. 

70. Hie composition produced by the process of claim 63, wherein the 
phannacological agent is selected from the group consisting of cyproterone acetate, 
flutamide, finasteride, and bicalutamide. 

71 . A method for producing a composition comprising the steps: 
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(a) prepaxing a chitosan solution; 

(b) incoiporating prostate-specific antigen into a phosphate 



(c) lyophilizing the prostate-specific antigen/phosphate buffer 
solution to a lyophilized powder; 

(d) reconstituting the lyophilized powder in said chitosan 

solution; and 

(e) combining the composition of step (d) with at least one 
phaimacological agent having anti-andiogenic activity. 

72. The method according to claim 71, wherein the pH of the 
antigen/chitosan mixture is about 6.0 to about 7.0. 

73. The method according to the process of claim 71, wherein the 
amount of prostate-specific antigen ranges from about 1 pg to about 1 mg. 

74. Tlie method according to claim 71, wherein the amount of prostate- 
specific antigen ranges from about 1 fig to about 800 fig, 

75. The method according to claim 71, wherein the prostate-specific 
antigen comprises a recombinant polypeptide. 

76. The method according to claim 75, wherein the recombinant 
polypeptide further comprises a poly-histidine amino acid sequence. 

77. The method according to claim 71, wherein the pharmacological 
agent is selected from the group consisting of cypix)teix)ne acetate, flutamide, 
finasteride, and bicalutamide. 

78. A method of inhibiting the growth or aUeviating prostatic carcinoma 
or metastatic carcinoma of prostatic origin comprising the steps of: 
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(a) administering one or more prostate-associated antigens in 
conjunction with a chitosan-based adjuvant; and 

(b) administering at least one pharmacological agent having anti- 

androgenic activity. 

79. The method of claim 78, wherein one or more prostate-associated 
antigen is selected from the group consisting of prostate-specific antigen (PSA), 
prostate-specific membrane antigen (PSMA), human glandular kallikiein-2 (HK2), 
prostate carcinoma tumor antigen-1 (PCTA-1), prostate carcinoma tumor inducer-1 
(PTT-l), prostate stem cell antigen (PSCA), PTEN/MMACl, prostate acid 
phosphatase (PAP), and luteinizing hormone receptor. 

80. The method of claim 78, wherein the amount of prostate-associated 
antigen ranges from about 1 pg to about 1 mg. 

81 The method of claim 80, wherein the amount of prostate-associated 
antigen ranges from about 1 ;ig to about 800 /ig. 

82 The method of claim 78, wherein the prostate-associated antigen 
comprises a recombinant polypeptide. 

83 Tht method of claim 82, wherein the recombinant polypeptide 
further comprises a poly-histidine amino acid sequence, 

84, The method of claim 78 wherein the phannacological agent is 
selected from the group consisting of cyproterone acetate, flutamide, fmasteride, and 
bicalutamide. 

85. The method of claim 78 wherein the chitosan-based adjuvant is 
chitosan-metal chelate selected from the group consisting of chitosan-zinc chelates, 
chitosan-copper chelates, chitosan-iron chelates, and chitosan-nickel chelates. 
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86. The method of claim 85, wherein the concentration of metal ranges 
from about .7 mM to about 143 mM. 

87. The method of claim 78, wherein the chitosan-based adjuvant 
5 comprises sodium hydroxide, oil, surfactant, and chitosan solution, wherein the oil can 

be metabolically degraded. 

88. The method of claim 87, wherein the oil is selected from the group 
consisting of squalene, com, canola, peanut, and olive oil. 

10 

89. The method of claim 87, wherein the surfectant is selected from the 
group consisting of poloxamer 401, soibitan trioleate, polyoxyethylene sorbitan 
monooleate, polyoxyethylene sorbitan monolaurate, and polyoxyethylene-20-tricieate. 

15 90. The method of claim 87, wherein the pH of the chitosan solution 

is about 5.0. 

91. The method of claim 78, wherein the chitosan-based adjuvant is 
prepared by the process of: 

20 (a) incorporating one or more prostate-associated antigens into 

a phosphate buffer to form an antigen/phosphate buffer solution; 

(b) lyophilizing the antigen/phosphate buffer solution to a 
lyophilized powder; and 

(c) reconstituting the lypophilized powder in a chitosan solution 
25 to form an antigen/chitosan mixture. 

92. The method of claim 91 , wherein the pH of the antigen/chitosan 
mixture is about 6.0 to about 7.0. 



30 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Seid, Christopher A. 

Singh, Gurpreet 
Podolski, Joseph S. 



(iii) NUMBER OF SEQUENCES: 7 



Civ) CORRESPONDENCE ADDRESS* 

(C, l^ C^lllso Tower 

(D) STATE: Illinois 

(E) COUNTRy: United States of America 

(F) ZIP: 60606 



(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 09/099,017 

(B) FILING DATE: 17-JUN-1998 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Cawley, Jr., Thomas A. 

(B) REGISTRATION NUMBER: 40,944 

iC) REFERENCE/DOCKET NUMBER^ 27779/35919 

(ix) TELECOMMUNICATION INFORMATION- 
(A) TELEPHONE: (312) 474-6300 
CB) TELEFAX: (312) 474-0448 



(2) INFORMATION FOR SEQ ID N0:1: 

ti) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 
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(A) DESCRIPTION: /desc = "5' Primer" 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
TAACCCGGGA ATTCATTCCG CCGGAGAGCT GTGTC 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc ^ "3' Primer" 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
TAACCCGGGA ATTCCTTGAG TCTTGGCCTG GTCA 
{2} INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 
(A) DESCRIPTION: /desc « "Reverse 



txi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GGAAACAGCT ATGACCATG 
(2) INFORMATION FOR SEQ ID NO: 4: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "M13-20 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4; 
GTAAAACGAC GGCCAGT 
(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 
CC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Spel adaptor" 



fxi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
CCAACCCCAC TAGTGGGGTT GG 

22 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Spel primer" 

(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 1. .22 

(D) OTHER INFORMATION- /n^*-« 
Listing the nucleotide s e^enc^ reads L 

presented in the specif ica^ron%^! f ^ ' ' direction. As 

direction. Pacification the sequence reads in the 3 • to 5' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CCAACCCCAC TAGTGGGGTT GG 

22 

U) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "HisSx-tag- 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CACCACCATC ACCACCAT 
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